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Abstract 
The objective of this paper is to develop a simulation tool for analysing the thermodynamic behaviour of multi-room residential 
buildings using multi-physics description software Simscape. The developed model is intended to be use for testing and 
optimization experiments in the design phase of building heating control systems. The proposed approach is tested by 
implementing in Matlab/Simulink the model of a building with 4 rooms. The obtained results and the advantages of the proposed 
method are analyzed and presented in the paper. 
©2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The optimization of the energy consumption in residential building sectors is an important objective shared at 
global level. The energy used by residential building reached almost 21% (fig. 1) from the total energy consumed on 
earth [1] and continuously rise with a high contribution from the developing countries [2]. Due to the limited 
amount of natural resources and the destructive effect to the surrounding environment the positive results in this 
research area would have major impact both at economical/political and environmental level [3]. In the last years 
new approaches based on advance control strategies were proposed for use in Building Energy Management 
Systems (BEMS) which could provide potential saving of approximately 30% of total energy consumed in a 
building [4].  
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Fig. 1. Energy consumption distribution at global level 
Many of these researches are focused on the optimization of the heating/cooling system. The main reason is the 
high amount of energy which is consumed in buildings by these systems (around 68% in Europe [5]). Many of the 
new control approaches make use of building models in order to simulate/predict building behavior in the future and 
they are used also in testing and optimizations procedure in the design phase [6]. In this context suitable dynamic 
model for buildings are mandatory in the design phase of such systems. In the literature the authors manly focus on 
developing simplified analytical building models with lumped parameters where the entire building is reduce to one 
concentrated element [7-9]. This approach was motivated by the hardware computation limits of control systems and 
ease of energy balance calculation in the building. 
The development of modern control hardware in the last years facilitates the development of more complex 
models that can be used both for design purposes (simulations, tests etc.) and also for development of new control 
strategies [10]. The analytical approach for developing complex dynamic models for multi-room building can be 
challenging, due to the complexity of the process. In this paper an alternative to the analytical approach is 
developed. The aim is to use Simscape library components for developing the building dynamic model. In contrast 
to the Simulink blocks used to implement analytical models, the Simscape blocks describe physical phenomena or 
building elements [11]. The lines that connect these blocks are physical connections that transmit power. The 
models developed with these blocks implements a physical network approach. This approach allows the designers to 
describe the system as a physical structure (schematic of the system) and not by abstract mathematical equations 
[12]. The equations that characterize the dynamic behaviour of the system are automatically obtained starting from 
the defined physical network. 
2. Building Model development 
For developing the building model a modular approach is proposed. The building model results from the integration of 
all rooms models. Each room includes walls and windows/doors which are in contact with the external environment 
and/or neighbor rooms through conductive, convective and radiative heat transfer. In the simulation the heat sources that 
influence the building thermodynamics are: heating systems and the sun light effect on the building. The heat losses 
considered are the heat flow through walls and windows and the influence of the ventilation process. 
 
Fig. 2. Simscape blocks used to model the building 
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The building/rooms model is developed using the Simulink blocks from Simscape/Foundation Library/Thermal 
library. The blocks implement phenomena like convective or conductive heat transfer or describe the thermal 
dynamics of a material or a combination of materials which are characterized by a thermal mass. Heat flow and 
temperature sensors are used to measure parameters of interest and heat flow and temperature sources to define the 
inputs in the model. The main Simscape blocks used are presented in figure 2. For modeling the radiative and 
convection phenomena the approach proposed by Achterbosch & all in [13] is used. Both phenomena are 
implemented using the convective heat transfer blocks. Even if the radiative exchange takes place between walls, 
and not between air and wall; it is assumed that predominant radiative exchange occurs between outer and inner 
walls. For the latter ones could be assumed that they have the same temperature with the room air temperature. In 
this case the total convective and radiative heat transfer coefficient αs [W/m2K] for these two phenomena is 
calculated using eq. 1: 
ߙ௦ ൌ ߙ௖ ൅ ߙ௥   (1)  
 
where αc is the convective heat transfer coefficient and αr is radiation heat transfer coefficient.  
Using these Simulink blocks each element that composes the building/room can be defined. The obtained models 
are presented in the next sections. 
2.1. Wall Model 
For modeling the wall structure a simplified 3R-2C network (3 resistors and 2 capacitors) is used [14]. In this 
configuration the thermal capacity of the wall is implemented using two Thermal mass blocks and the conductive 
heat transfer is implemented using three conductive heat transfer blocks. 
 
Fig. 3. Simulink model - Wall model 
The wall model developed using Simscape blocks is presented in figure 3. The heat exchange between the air 
near wall and the wall is implemented using a convective heat transfer block. The block includes also the radiative 
heat transfer phenomena. Inside the wall the heat is transmit due to the conductive phenomena. To determine the 
temperature in the two nodes defined within the wall, two Ideal Temperature Sensor blocks are used. 
2.2. Window/door model 
The model for the windows and doors includes the thermal convection and radiation phenomena between the air 
near the window/door and the window/door and the conduction phenomena through window/door components.  
 
Fig. 4. Simulink model – Window/Door model 
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The developed window/door model is presented in figure 4. The thermal capacity of the windows and door 
components is not taken in account.  
2.3. Model for one room 
The model for one room is obtained by integrating the models of all elements that define it. Such model includes 
the models for: internal room environment, floor, exterior wall, windows/doors and internal walls. The model also 
include connections that define the heat fluxes caused by the ventilation and heating systems and heat fluxes through 
internal and external walls, windows and doors, ceiling and floor. In figure 5 an example of such model is presented. 
The model defines a room with 3 internal walls, 1 exterior wall, 2 windows and 1 door. The inputs in the model are 
the external environment parameters (temperatures, solar radiation and earth temperature) and the heat fluxes from 
the heating and ventilation systems. The output of the model is the temperature inside the room. 
 
 
Fig. 5. Simulink model for a single room 
The thermodynamic of the internal room environment is influenced by the thermal properties of the air, the 
furniture and other objects inside the room. The developed model takes in account their heat capacity which is 
computed by summing the air thermal capacity and the thermal capacity of all objects inside the room.  
2.4. Heating source model 
During simulation two possible heat sources are considered: the heating system and the sun radiation effect on 
the building. For modelling the heating sources an analytical approach is used. The solar radiation transmitted 
through the windows will affect the air and stuff temperatures inside the room and also the floor temperature. So a 
fraction p from solar radiation qs is transmitted to the floor and a fraction (1-p) is transmitted to the air and stuff 
inside the room. The equations that define these heat fluxes are:   
ݍ௦ǡ௜௡௧ ൌ ሺͳ െ ݌ሻܫ ή ܣ௪
ݍ௦ǡ௙௟௢௥ ൌ ݌ ή ܫ ή ܣ௪     (2) 
In eq. 2 the parameter I represents the solar radiation and Aw represents the window area. For calculation only 
60% of the measured window size is used [15]. This denotes that only a fraction of solar radiation pass through the 
window, the other part is absorbed or reflected.   
The heating inside each room is done using water radiators. The lumped model for the radiator is presented in 
eq. 3 [16]:  
ܿ௪ߩ௪ ௜ܸ ௗ்ೢௗ௧  =ܿ௪ݍ௠ሺ ௦ܶ െ ௢ܶሻ െ
ଵ
ோೝ ሺ ௪ܶ െ ௜ܶǡ௜௡௧ሻ   (3) 
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The thermal behavior of the radiators is influenced by the thermal capacity of the water inside the radiator, the 
heat flows of the supply and outlet water and by heat transferred to the room. In the equation ௦ܶ and ௢ܶ represents 
the supply and outlet water temperature and ௪ܶ the spatially average water temperature. 
2.5. Building Model 
The proposed approach is used to model a real building from Cluj-Napoca area (latitude 46.7 and longitude 23.6). 
The building is composed from a bedroom (room1), kitchen (room4), bathroom (room3) and the hallway (room2). 
The building sketch and 3D CAD are presented in figure 6. 
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Fig. 6. The model of the building a)3D CAD model b) Building sketch 
In order to obtain the building model, each room is modeled and appropriate connections with the neighboring 
spaces are defined. For each room the model parameters values must be determined before simulation. The 
parameters can be calculated using the building plan and the guidelines from normative [17] or estimated using 
experimental data measured in the building [18]. For this experiment the parameters values were determined using 
the data from the building plan. The obtained values used in the simulation are presented in tables 1..4.  
             Table 1. Model parameters for Room1 
Building element Area         
[m2] 
Thickness       
[m] 
Mass         
[kg] 
Thermal Conductivity 
[W/mK] 
Specific Heat 
[JK/kg] 
Exterior Wall  40.44 0.46 13763 0.1459 868.2 
Internal Wall 12.39 0.17 2297 0.2911 898.4 
Ceiling 28.5 0.31 13286 0.1226 853.7 
Floor 28.5 0.35 18664 0.0903 840.7 
             Table 2. Model parameters for Room2 
Building element Area         
[m2] 
Thickness       
[m] 
Mass         
[kg] 
Thermal Conductivity 
[W/mK] 
Specific Heat 
[JK/kg] 
Exterior Wall  2.4 0.46 816 0.1459 868.2 
Internal Wall 19.5 0.17 3473 0.2911 898.4 
Ceiling 6.8 0.31 3170 0.1226 853.7 
Floor 6.8 0.35 4453 0.0903 840.7 
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             Table 3. Model parameters for Room3 
Building element Area         
[m2] 
Thickness       
[m] 
Mass         
[kg] 
Thermal Conductivity 
[W/mK] 
Specific Heat 
[JK/kg] 
Exterior Wall  5.16 0.46 1756 0.1459 868.2 
Internal Wall 15.36 0.17 2367 0.2911 898.4 
Ceiling 4 0.31 1864 0.1226 853.7 
Floor 4 0.35 2619 0.0903 840.7 
              Table 4. Model parameters for Room4 
Building element Area         
[m2] 
Thickness       
[m] 
Mass         
[kg] 
Thermal Conductivity 
[W/mK] 
Specific Heat 
[JK/kg] 
Exterior Wall  30 0.46 10210 0.1459 868.2 
Internal Wall 13.2 0.17 1495 0.2911 898.4 
Ceiling 15.95 0.31 7435 0.1226 853.7 
Floor 15.95 0.35 10445 0.0903 840.7 
 
Fig. 7. Building Simulink model 
The house model obtained after Matlab/Simulink implementation is presented in figure 7. Besides the rooms 
models the model includes also the attic and ventilation models. The inputs in the model are the external 
environment parameters and heat flows from the heating system for each room. The outputs of the model are the 
temperatures in all building rooms. 
3. Experimental Results 
The obtained building model was used to develop a set of experiments using Matlab/Simulink environment. The 
simulations aimed to evaluate the accuracy of the system response by comparing it with the response of an analytic 
model of the same building and, in the second part, the model is used to test performance of a temperature controller. 
In order to validate the model, first the model response to a set of input data is compared with the response of an 
analytical model that implements the same building. The development of the analytical model of the building was 
presented by the authors in [19]. During simulation the aim was to evaluate the models response when they are 
influenced only by the changes from the external environment (air and soil temperature, solar radiation) without any 
internal heating source influence. 
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The experiments were conducted for 48 hours period of time and the same start conditions were used for both 
cases. The numerical results were obtained using the Matlab Ode45 solver. In figure 8 the temperature variation 
(both from Simscape and analytical model) in all rooms and the outside temperature are presented. During 
simulation also the ventilation process is simulated in room 1 and room 4. This can be observed on the simulation 
results as sudden drops in temperature in these two rooms.     
From the simulation results it can be observed that the process responses from both models are the same. As a 
consequence the developed model using Simscape approach is further used for developing experiments that aim to 
evaluate the performance of temperature controller in buildings. 
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Fig. 8. Simulation results – temperature variation in building rooms 
For the second stage of the experiments, the building model was used to develop experiments using Matlab 
environment that aimed to evaluate the performance of an on/off temperature controller. The role of the controller is 
to maintain the temperature in room1 to a user predefined value. The developed controller is characterized by a dead 
zone of 0.25 [oC] and has a sampling time of 5 [s].  
During simulations the reference signal for the temperature in room1 varies from 22 [oC] to 20.5 [oC]. The initial 
temperature inside the building rooms are: 21 [oC] in room1, 19 [oC] in room4, 20 [oC] in room2 and 19.5 [ºC] in 
room3.  
The external environment parameters used in the simulation were measured data from Cluj-Napoca. The 
parameters were measured in January hourly for a period of 24 hours (temperatures variation - figure 9.a; solar 
radiation - figure 9.b). The earth temperature during this month is about -2 [ºC]. 
Using the proposed model the system response and the variation of the control signal could be analysed (figure 
10). The mean square temperature error inside room1 is eon_off=0.4528.  
Also the variation of the temperatures in the other building rooms is measured and the influence of the controller 
response to the entire building could be analysed (figure 11).  
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Fig. 9. External environment parameters a) outdoor temperature and earth temperature b) Solar radiation 
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Fig. 10. System response – room1 temperature variation and control signal 
 
Fig. 11. Temperature variation in building rooms 
4. Conclusion 
The paper presented a new simulation tool for developing thermodynamic models for multi-room buildings using 
Simscape library from Matlab. In order to facilitate easy development of new buildings models a modular approach 
is used for the model structure. Easy understanding of the Simscape blocks functionality combined with the 
predefine models for building elements allows user to easy create, or adapt an existing model, and implement the 
model for a new building.  
 Using the proposed approach the model of a building with four rooms was implemented and the obtained model 
was used to evaluate the performance of a building temperature controller. The obtained results showed that the 
model can be used with success to developed experiments that help designers to test the controller performance 
and/or to optimize its performance.  
Using the obtained model more complex control algorithms can be tested. The model facilitate easy access to all 
building parameter allowing the designers to evaluate multiple parameters that characterize the thermal behaviour of 
the building (temperatures, heat flows, heat gains, the influence of thermal capacity of the construction elements etc.).  
Using the same environment for developing the controller and the process model offer multiple advantages. One 
important aspect is the elimination of the interfaces between different simulation platforms (ex. Matlab-Trnsys). 
This approach facilitate also the development of real time simulations, using dedicated hardware, which allow 
testing of the developed controller closed to real functioning  conditions.  
328   Ciprian Lapusan et al. /  Energy Procedia  85 (2016)  320 – 328 
Acknowledgements 
This paper was supported by the Post-Doctoral Programme POSDRU/159/1.5/S/137516, project co-funded from 
European Social Fund through the Human Resources Sectorial Operational Program 2007-2013. 
References 
[1]. International Energy Agency - Report: World Energy Outlook 2011, Paris, France, 2011.   
[2]. Perez-Lombard, L., Ortiz, J., Pout, C. A review on buildings energy consumptions, Journal Energy and Buildings, Vol. 40, No. 3, pp. 294-
298, 2008. 
[3]. Kühna, M., Askb, M., Bruckmanc, V., Hangxd, S., Juhline, C. Sustainable Supply of Resources and Energy is a Challenge. Energy 
Procedia, 76, 1-6, 2015 
[4]. Shaikh, P., Nor, N., Nallagownden, P., Elamvazuthi, I., Ibrahim, T. A review on optimized control systems for building energy and comfort 
management of smart sustainable buildings, Journal Renewable and Sustainable Energy Reviews, Vol. 31, pp. 409-429, 2014. 
[5]. Dounis, A. I., Caraiscos, C. Advanced control systems engineering for energy and comfort management in a building environment - A 
review, Journal of Renewable and Sustainable Energy Reviews, Vol. 13, No. 6, pp. 1246-1261, 2009. 
[6]. Lapusan, C., Balan, R., Hancu, O., Rad, C. Rapid Control Prototyping in the Development of Home Energy Management Systems, The 6th 
international conference on advanced concepts in mechanical engineering, Published in Applied Mechanics and Material, pp. 395-400, 2014. 
[7]. Kramer, R., Schijndel, J., Schellen, H. - Simplified thermal and hygric building models: A literature review, Frontiers of Architectural 
Research, Vol. 1, No. 4, pp. 318-325, 2012. 
[8]. Candanedo, J., Dehkordi, V., Phylroy, L. A control-oriented simplified building modeling strategy, The 13th International Conference of the 
International Building Performance Simulation Association, France, 25-30 August, 2014. 
[9]. Balan, R., Hancu, O., Stan, S.,  Lapusan, C., Donca, R. Application of a Model Based Predictive Control Algorithm for Building Temperature 
Control, Proceedings of the 3rd WSEAS Int. Conf. on Energy Planning, Energy Saving, Environmental Education, pp.97-101, 2009. 
[10]. Lapusan, C., Balan, R. Development of a Home Temperature Control Unit Based on a Model Predictive Control Strategy, Journal Acta 
Technica Napocensis, Vol. 56, Nr. 3, pp.25-28, 2015. 
[11]. Lapusan, C., Balan, R. Modelarea și simularea sistemelor mecatronice – Aplicatii, Ed. Todesco, Romania, 2012. 
[12]. Abarkan, M., M'Sirdi, N. K., & Errahimi, F. Analysis and Simulation of the Energy Behavior of a Building Equipped with RESin 
Simscape. Energy Procedia, 62, pp. 522-531, 2014. 
[13]. Achterbosch, G., Jong, P., Krist-Spit, C., van der Meulen C, Verberne, J. The Development of a Convenient Thermal Dynamic Building 
Model, Journal Energy and Buildings, Vol 8, pp. 183-196, 1985. 
[14]. Xinhau, X., PhD thesis, Model Based Building Performance. Evaluating and Diagnosis, Hong Kong Polytechnic University, 2005.  
[15]. Andersen, K., Madsen, H., Hansen, L. Modeling the heat dynamics of a buildings using stochastic differential equations, Journal Energy and 
Buildings, Vol. 31, pp. 13-24, 2000. 
[16]. Tahersima, F., Stoustrup, J., Rasmussen, H., Nielsen, P. Thermal analysis of an HVAC system with TRV controlled hydronic radiator, 
Proceedings of IEEE International Conference on Automation, Science and Engineering (CASE10),  pp. 756-761, 2010. 
[17]. Normative - Thermo technical regulations regarding calculation of the Elements of Building Construction-Indicative C107-2005. 
[18]. Rad, C. R., Hancu, O., Lapusan, C. Gray-Box Modeling and Closed-Loop Temperature Control of a Thermotronic System, Proceedings of The 
11th IFToMM International Symposium on Science of Mechanisms and Machines, Springer International Publishing, pp. 197-207, 2014. 
[19]. Lapusan, C., Balan, R., Rad, C., Plesa, A. Development Of A Multi-Room Building Thermal Model For Use In The Design Process Of 
Energy Management Systems, Journal Acta Technica Napocensis-Series: Applied Mathematics, Mechanics, And Engineering, Vol. 58, 
No.1, pp. 41-48, 2015. 
